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OSTEOGENIC PROTEINS, INCLUDING BMPS AND CDMPS, AND THEIR ROLE IN 
MUSCULOSKELETAL TISSUE DEVELOPMENT AND REPAIR, INCLUDING BONE 

AND NON-MINERALIZED TISSUES 



AGE- RELATED CHANGES IN ENDOGENOUS OSTEOGENIC PROTEIN-1 IN HUMAN KNEE ARTICULAR CARTILAGE 
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some donors ex old age had the levels of expression even below the detection 
limit There were at least 4-5-fbId o3t?crences in message levels between age 
of30and80. 



INTRODUCTION. As progressive cartilage degeneration seen in 
osteoarthritis (OA) increases markedly with age, it is important to learn more 
about potential anabolic factors aimed to prevent or .protect cartilage from 
degradation and/or promote its repair. It is especially important fat there is a 
decline in the ability of chondrocytes to repair with age. As we recently 
documented OX human newborn and adult articular chondrocytes 
cndogenouily produce one of these factors, osteogenic protsm-1 (OP-1), a 
"repair* factor that has a significant anabolic effect on human and bovine 
adult articular cartilage. OP-1 induces sytuhesb of major matrix components, 
counteracti the earabolic effect of mtarieuldn-1 and fibrcnectm fragments, 
promotes cartilage matrix assembly by an up-regulatim of CD44 and 
hyaluronan synthase-2, but has little effect on chondrocyte proliferation. 
Importantly, our previous data indicate two forms of OP-1 protein in human 
articular cartilage: an inactive (unprocessed, pro-) form and in active 
(processed, mamre) form. However, only mature, active farm has been shown 
to induce the anabolic effect The hypothesis has been developed that with 
aging human articular cartilage shows evidence of a decrease fa endogenous 
OP*l content, synthesis and nataboliam thus leading to an elevated 
susocptitriliry of cells to catabolic processes and cootributing/^motiag 
cartilage degenemtion. In order to test this hypothesis me objective of the 
current study was to use quantitative approaches to estimate the levels of 
message and protein of endogenous OP-1 in human adult articular cartilage 
from donors of different age. 

MATERIALS AND METHODS. Pull thickness articular cartilage was 
dissected from 20 human adult donors with no documented history of joint 
disease through the collaboration with die Regional Organ Bank of Illinois. 
Tissue was obtained from the load-bearing region of the femoral condyle. 
Three methods were applied for me quantification of the levels of message 
and protein of endogenous OP-l in these samples. OP-1 roRNA expression 
was reassured by using nested RT-PCR method based on the direct extraction 
of total RNA from tissue. Densities of the PCR bands were evaluated using a 
Fhjor-S Mulii Imager with attached software program and were normalized to 
the densities of the GAPDH. OP-I primers utilized in mis study were 
described previously (1). Content of total OP-1 protein was estimate! by a 
newly developed sandwich ELBA and by western blotting. For sandwich 
EU5A tissue was lyophilhed and OP-1 protein was extracted with Lysis 
buffer, pH 7.5, Human recombinant mature OP-1 and two antibodies, one 
monoclonal antibody against the entire mature Domain of OP-1 and one 
polyclonal antibody against me synthetic peptide of IS amino acid close to the 
N-terminus end, were used for this assay. EI ISA results were tmnnafoed to 
the dry weight of the tissue. The same antibodies were applied for western 
blotting. The densities of specific immunoreactive bands were analyzed with 
Fluor-S MultiJmager. Weston blot results were normalised » the total protein 
content 

RESULTS. For these studies on aging only cartilage from normal organ 
donor* with no documented history of joint disease was used. Aliquota of 
tissue were used for rnRNA and protein extraction. The results of semi- 
quantitative RT-PCR (left graph) indicated the highest levels of mKNA 
expression in newborn and young adult donors, while with aging this 
expression was dowjuxgnlated. When OP-1/GAPDH ratio was plotted onto 
the graph, results indicated a clear decline in the levels of OP-1 rn&NA 
expression with age. The highest levels of OP-1 message were detected in 
newborn cartilage. In adult tissues the changes hi OP-1 expression had a linear 
regression and by age of 80 OP-1 message was very low or barely detectable, 





Similar results were obtained with quantitative ELtSA method {right graph). 
For the first time we were able to quantify the absolute content Of total 
endogenous OF*) hi human adult articular cartilage in ng quantities by using a 
method developed by US. We have tested The van cry of extraction protocols, 
the effect of pH and the effect of exiractanta en the ELBA sensitivity and 
accuracy. The optima l ocsditiona were selected and by this EIJSA method we 
found *haf The r" nt ^iTt of total OF-1 hi ^v nwT 1 normal adult Brticulor cartilage 
at the age of 40 is between 400 to 600 ng/g of dry tisane. ELBA results 
supported PCR data and confirrned the linear decrease ha the content of 
endogenous OP-1 protein as welL A 3-4 fold decrease was observed in a 
. comparison between donors that were over 70 years old to donors around 40. 
When the name cartilage extracts wore analyzed by western blotting using 
separate antibodies to pro- and mamre forms of OP-1, similar pattern in 
changes of endogenous OP-1 protein was found. Moreover and very 
important, major differences were noticed on the level of die cleaved mature 
OP-1. With age the amount of active mature OP-1 was significantly 
decreased, 

DISCUSSION. These studies for die first time report the changes in 
endogenous OP-1 that occur in human adult articular cartilage with aging on 
both levels, rnRNA and protein. Critically, new quantitative approaches were 
developed in order to monitor these alterations. As we show, the concentration 
of endogenous OP-1 protein detected by our ELBA method in human adult 
articular cartilage is within 100-600 ng/g of dry weight. This content is 
dramatically decreased with aging when compared to young adults. 
Interestingly, variations in endogenous OP-1 occur parallel in rnRNA and 
protein levels. Our data indicate that with age there is not only a decrease in 
total OP-1 available for the anabolic response of chondrocytes, but what is 
more important, there is a decrease in processed, mature OP-1. Our results 
indicate a strong correlation between the levels of endogenous OP-1 and the 
age of human donors supporting the hypothesis that with aging articukr 
cartilage displays a decrease m endogenous anabolic factors, mat could 
contribute to higher susceptibility of articular cartilage to degenerative 
processes such as seen in OA. The reported ELBA method could be 
developed as a valuable diagnostic or prognostic tool for predicting The 
possibility of pathophysiological changes in connective tissues. 
KEJXRANCES. l)ChubinakayB at at (2000) J Histochem & Cytochcra 
48:230-250. 
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INTRODUCTION. Osteogenic pWaio-1 (OP-1) is . member of boo. 

(BMP) family thuhee U, bte « 

«*c«« taiacn in scmuUting cartilage homeostasis wb« appliS 
«ogeaondy. Our recent dao (1) demonstrated that bura» S 
*cadwcyi« from Mima] and osteoattbritic (OA) cartilage express OP-! 
•ndogOBOw^ thus indicating fte pem*,,, & 0.01* » op 
ttarmducas.gMj, through rowncmbraoe scriue-miwmL kinsae^m** 
^"Wcl ,nd 1 t ^ n (BMPR-D), OP-1 dura (faeae rcoJSS 

&mihW^ Both type I end type II receptor, befcag^ol™ 

fanBic, of prptqnj. Among mem ar least three typelrecepton have 3 

toecttoc of otogenous OP-1 in cardhp: and the anabolicefe^ ,w£ 
ooEenoua OP-1 .ageest the possibility fcr the OP-1 aigoalfafcp^fawaTtoE 

undeotandme ofc *-> function in articular cartilage are: lrwhleh muZ 
***** 2)which raceplor SSbta«t?oSS 
wm* t «ahge under normal and pnthotogfcal condition,! S 
different type I receptors trigger speetfic downstream pathway? f~^Z 

"to* purpose of the current study wm to identify the OP-1 receptor. pSLfta 
hwnan arecakr cartilage and the difference/ fa, receptor^o S 
mRNA andprotem expression and ^dtarih^Ka^dof 



dt^^ S , A ^ ft ? CTB ? M ' M lhicfcB « artieolar cartilage w» 
ducted fiom load bearing rtgiona of the femoral coodyle of fi™ 
ton? of joru, dtsease within 24 bonra of death. After opening mejohTtfat 
surmce of the cartilage was grossly examined The annam**. »<■ ^.T • • I 
w« given a grade based on Klb^err^u^^"^ £2 
(4). Cartilages with the grade n and higher wera^M *g,^^ 
OA oanflag, was oboined Bob patients who hava uS 

oW^?* ? 8dVaBCai 0A " ™ RNA ™ >-»d5dta£ font 
towe^Spcofie pnrner pan, and optimal PCR eonditiora we» fa£J2 

rt^-T^T r^fT "ft*™ proEram and were normalized to the 

parufomaldebyde, embedded in p^ffiHnd seodonj uL? p£ 

0025% c\S.^TT*, i Ji. raS fof 1J h0Bn - overt git wift 
m-K. *? Da «? ,4 »» p »»» Pl«ed on dual chamber sfidea in monotov^S 

Sl^ ^ ^ ""a li«d in 4% panrfocnSde! 

Pnoary aonbodiea were applied followed by application afXar=^t 
hbelod «ond»ry nntibody. The localization of OM re ZS s wasytewe^ 
^cent microscope. Proteins were extracted from^ar^"^M 

M^e&scbons (5) and were eoalyzed by western blotting w^TSme 

RESULTS. In human articular cartilage we have identified mRNA and 



P^^rewon tetype 1 and U OP-1 receptee*. By uains antibodies 

£M£iM6 i »«o»mo3tef n j n g waafotmdm normal ^qH^^. 
^dS^^^ ^8*" wai'Se was found in the 
and upper mtddlc layer chondrocyte^ while in OA cartilage celkfromie 

det *^ d . |*» 9P« I iccqptor (more fcr ALX.-2 than fcr AU^Ti, &f 
2;*«lj »d upper middle kye, of normal allege. Se^SofAe 
m^nrota! matnx pammg and its dirtribn«oaW mcreSd m oie 

Obatrved for BMPR-DL This type H receptor was mnadv noJ«^Z5 ^2 
^ m^dtC^n^fc^d^^ 
SI ^S™^ J 6 * 1 0A "rtiJacc By western blot amtijSs 

OP-1 receptor, were detected in total cartilage extracts as wdTaifa 
mcmbrane^ritihed fraction. The Intensity lntn£>cS^ taitoteSL ' 

SI b ?" 4 * *« to Ponnal n^TbW fas OA. 

sohbh fraction, a normal adult cartilage by inrrquaefluoraceaee all 
Kcepton vwo visnalbed on the membiia Trf faSatetiS^tei 

HMPR-H ALK-2 and ALK-3 message was elevated rwo-ihree feH h, 

w^ttal althoaeh i«reasetam^» 

DKCUSSION. to the current study we report for tte first time that all known 

wc ideahfied both message and die proiein for th«» M^aW a. 

e*Wiv« ^yse. snow £ levels ofS trnl 

weD ajprotein distribution conelate witb the pafcerJryJworfcd^Trf t^ 

of the earnlagc tn-J^hng their co-localiantioo with the ligand (maiureOpT 
The matax stammg fcr the receptors in the degenerative tSdOA^bw fand 

ceU membrane durmg process of cartilage degeneration. Itnpcr^ tee 
parallel ch^ges m the message levels for BMPR-E and oolyXWontof 
tinea type I rtccptora (ALK-2 and ALK-3) indicate, pcrta^hTprSrrv 

SSf^ 11 ^ 04 wratudy oo^Tthatno^ 

.^^CES; Ombiusfcaya etalpotxtyj HSstochen Cytochem 48^39- 
f,^pn I^te ct al (!»«) JBC 26*1*985-16988. 3) MueUemtt«al 
(1999) Trans ORS ^lOStX 4) Muehlcmm, et al (1997) O^Stb & 
ca^5 3 3-37.«B^ttal(1994)A«hBiocl 1 emBiopb« 
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consistent *frh the ohscrvetjcn that AF cells form a more fibrous tissue than 
NP edls Invtiro and with the observed different mechanical properties of the 
engineered tiroes using AF and NP cells. Hie result; obtained thus far 
suggest that TVD tissues may be engineered vt vtov using different celt 
sources (AF and NP) and that this process can be stimulated by growth factors 
such as OP-1. It rem*? us to be determined if such tissues can be transplanted 
in vtvo to repair TVD defects and/or defeneration. 
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F'tgnr* 1» Gross Appearance or Tissues (2 weeicej. 
Table 1, Characterisation of Engineered tissues 
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1594 ±6.0 
5.52*0.09 
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FORMATION OF TRANSPLANTABLE DISC-SHAPED TISSUES BY NUCLEUS PULPOSUS AND ANULUS FTBROSUS 
CELLS: BIOCHEMICAL AND BIOMECHANICAL PROPERTIES 

*Mateiimoto # T;+**Masuda. K; ••An, H; "♦•Chen, S; ••••Wnnamsorw A; ""San, R: •AiuJemon, C; •♦♦"Itteger, J* ♦"Ttonar. E 
♦Department of Orthopaedic Surgery, Rush Medical College, Chicago, IL. ^Departments of Biochemistry and Orthopaedic Surgery, Medical Collc^, Chicago, 
IL 1653 West Congress Parkway, Chicago, IL 60612, 312-042-4^1, Fax: 312*42-3053, bn«uda@nuduedu 

sIirTrRODUcnONl Degenerative intervertebral disc (IVD) disease is 
associated with a decrease in the contents of matrfat proteoglycans and 
cellftgcns. Few attempts have been made to repair damaged WD by 
transplanting a matrix-rich tissue formed m vftro into the defect Recently, vrc 
have developed a novel two-step culture method using algir^te^iecqvered- 
chondrocyte (ARC) for the production of cartilaginous tissue In viiro; this 
method alleviates the need tor using exogenous nuances Dl The purpose of 
this study was to lest the possibility of combining these approaches to form in 
yitro a cohesive tissue fbr transplantation mvrvo. 
I MATERIALS AND METHODS] 

Cell Isolation and ARC Culture Methods Bovine mtervertebral disc celts 
from the tails of 14-18 month old steers were isolated by sequential enzyme 
digestion pj. The ARC Method was then used as ft) lows to form discs In 
vitro. Annolus fibrosus [AF] cells and nucleus pulposus [NP] cells were 
separately cultured in beads of \M low viscosity alginate (Keltone LV, 
Kelco) at 4 million cells/ml using daily changes of DMEM/F12 medium 
containing 20% FBS + OP-l (200 ng/ral), 25 ng/ml ascorbaic and 10 pg/ml 
gerrtemicm. The cells with their eeJI<*ssociatcd matrix were recovered by 
centrirugation of alginate beads sofobilized in the presence of sodium citrate 
after 10 days of culture in alginate. The pelleted cells were icsitspended in 
complete medium containing 20% FBS and 200 ng/ml Of OP-1, seeded onto a 
tissue culture insert with a porous membrane (Transwell: 0.4 pro pore size; 
Coster*, id mm diameter) and maintained in daily changes of the same 
medium for up to 4 weeks. 

Chara c terns rion or Engineered Tissues in yitro After 2 and 4 weeks, 
the de mo formed tissue was separated in each case from the porous 
membrane; the weights (dry and wet) were measured and the tissue was 
subjected to biochemical analyses. Each tissue was also examined 
histologically. The contents of sulfated PC and DNA were measured by the 
DMMB method and a Hoechst 33258-dye method, respectively. The contents 
of collagen and pyridinollne were measured by leverse-phese hign- 
perforrnance liquid chmmaiography. Compressive and tensile testing were 
performed to determine the <*juilibnum compressive modulus, Had, the 
hydraulic permoBbffity at 1 $y 9 of strain, and the peak tensile stress o^. 
The data were analyzed statistically using ANOVA » 
| RESULTS) After 2 weeks, tissues er^meercd from NP and AF cells had a 
disk-like structure and were easy to separate trom the membrane (Figure 1). 
The presence of OP-1, at a cor*emrerion of 200 ng/ml, stimulated the 
formation of cohesive discs. Interestingly, both me wet and dry weights and 
also the thickness of the NP discs were significantly higher than those of AF 
discs (Table 1). The water contents ofNP discs were also significantly higher 
than those of AF discs (Table 1). Significant proteoglycan accumulation was 
observed in both NP and AF discs, but especially hi the former (jx0.0l) 
(Figure 2A). On the other hand, the Collagen content of the AF discs was 
greater than that of NP discs (pOXl) (Figure 2ft. Hao and tr« varied 
significantly with cell type (each p<0.0i) but not culture duration (p-0.47 and 
0.17, resrjectrvcly).. Hao and cw of AF tissue were significantly hitfw 
(+170% and +270%, respectively) than those of NP tissue (Table 1). k.j, was 
lower for AF discs than NP discs (pO.05% and increased with culture 
duration <p<0,05), without an interactive effect (p~0.75). 
ICONCUJSION] The results show that the recently described ARC method ■ 
used to form cartilaginous tissue in vitro can also be used to form a disc- 
shaped tissue by IVD cells. Importantly, the collagen content was higher and 
the ratio of proteoglycan/ collagen was lower in the A? than bi the NP tissue. 
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Figure 2 t PC (A) and Collagen (B) Content ofEnglneered AF and NP 
Tissues (* p^O.05, **p<0,01 versus AF) 
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A NOVEL CULTURE SYSTEM FOR THE INTERVERTEBRAL DISC: AN ORGAN CULTURE SYSEM WITH 
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INTRODUCTION: 

The intervertebral disc (TVD) consists of two different tissues, Ihc 
nucleus jmlposus (NP) and annulus fibrosus (AF). These tissues are 
integrated to allow the spinal segments to articulate and bear load. 
Nutrients for the cellular elements of the NP and AF are transported 
through adjacent endpletes located in the caudal and cranial sides (sec 
Figure 1). 

The pathogenesis of IVD degeneration is poorly understood. Recent 
studies have led to the development of new culture methods that have 
proved useful in shedding light on the metabolism of IVD cells and tissues 
[), 2). However, there has been, as for as we know, no attempt to include 
the endplates as part of me IVD unit eumrrtd. 

Osteogenic ptotefo-1 (OP-1) admtaisteTcd « vfw> to the WD has 
positive effects on the metabolism of the Injected spinal tissues PJ. The 
goals of the current study were: (1) to establish a new method to culture a 
disc whh endplates; and (2) to investigate the usefulness of this model in 
studying the effects of an intradiscal OP-1 Injection. 
MATERIALS and MCTHODSi 
Tissue Culture Model: 

Lumbar spines were removed en the under sterile conditions from 
New Zealand White rabbits weighing 3,5-4.0kg, immediately after the 
rabbits were euthanized. IVDs containing end plates were dissected from 
coTisecurive levels (LI-L6) (sec histology, Figure 1). After three rinses 
whh physiologic saline, each IVD was placed in an individual well of a 12- 
*tJ1 culture plate. The discs were assigned to one of three groups. Discs m 
the first group (NT Group) were cultured for an additional 14 days In 
complete medium [DMEM/F-12 medium containing 10% PBS, 25 ug/ml 
aseorbaie and 50 ug/ml gentamiein]. Die discs In the other two groups 
were first injected with 10 pi of physiologic saline (Saline Croup) or OP-1 
ai 0.2 ug/ul (OP-1 group), using a 28 gauge needle, before being cultured 
for the next 14 days in the complete medium. This complete medium was 
replaced daily Hi all groups. 

rfoctoPulpOftti 




AnrnikaPibrewi 
Figure J Ussue Culture of IVD with Adjacent End Plates 
Biochemical Analyses: 

On days 0, 7 or 14 of culture, the endplates were removed and the NP and 
AF tissues were bluntly separated, rvophilrecd and weighed. The samples 
were then digested with papain tor 72 hours at 60*C The digests were 
analyzed for contents of DMA, using the Hoechst 33258 dye, and fur 
proteoglycan (PG), using the DMMB assay [1]. The DNA and PC contents 
in all groups were normalized to the dry weight. 

StBiisrlcal Analyses! For each time point, all analyses of discs were 
performed on 3 sets of one disc each, the standard deviations are shown m 
the Figure. Statistical analyses were performed using one-way ANOVA 
with Fisher's PLSD test as a par/ hoc test. 
RESULTS: 

Evaluation ofDjsve Culture System Individual IVDs With en endplate on 
both sides were readily excisable using a surgical blade. Preliminary 
culture of the tissue for up to 14 days followed by histological evaluation 
showed both good retention of matrix in the tissue and maimenance of cell 
viability. 

During the 14 day culture period, no significant change in the dry 
weight and the DNA content was observed. The PG content of the NT 



group decreased significantly between Day 7 and 14 m the NP (p < 0.05) 
butnetintheAF. 

Effect ofSollm and OP- J Infection The saline iirjcctioo did not cause 
any significant change to either the dry weight or the DNA contents of the 
NP and AF during the culture period. Interestingly, the PG content per unit 
of dry weight on Day 7 (NP, p < 0.05, AF t p < jOW and Day 14 (AF, p < 
.0.01) was significantly lower in the xalme-injected group man in the NT 
group. As a conseo^ence, further comparisons were limited to examining 
differences between the saline and OP-1 injection group. 

In the OP-1 Injection group, the PG content of the NP was 
significantly higher on Day 14 (p< 0.01) than uWm the saline group. The 
PG content in the AF was also higher man mat in the saline group on Day 7 
(p < 0.05) and Day 14 (p < 0.01). After 14 days of culture the PG content in 
NP and AF of the OP-1 injection group was not statistically different from 
the non«cul&ired control (Day OX strongly suggesting that OP-1 contributed 
positively to the maintenance of steady state metabolism. 
DISCUSSION; 

In yitto metabolic studies of whole IVDs are considered difficult 
because the NP tissue swells very rapidly and loses PGs after It is immersed 
in liquid medium. Although attempts were made to overcome these 
problems by using one or other modified cultured systems {I, 2], the 
maintenance of PG steady state metabolism has been extremely difficult to 
achieve. In our method, the swelling of the NP and the loss of PG in this 
NP was largely prevented by winning a whole IVD with its creates still 
attached. The results presented here showed that PG contents in the NP 
could be rnaintsmed tor 14 days. This method also proved useful in 
obtaining further support for our contention, based on previous data 
obtained In vrVo PI that a single administration of OP-1 promotes the 
retention of a high PG content m both the NP and AF. PJ. 

Finally, this new culture system should enable us to load the IVD 
tissue in order to investigate the effects of biomcchanical stimulation on the 
metabolism of the extracellular matrix 0 f intact IVDs. 



□ NT ■ Saline 



OP-1 




DaysofCufeure 

Figure 2. The Eflect of OP-1 on the NP and AF in the IVD in vitro 
(♦-p<0.05,* # «p<0.01 OP-1 vs. Saline) 
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INTRODUCTION Most aucmpts to form cartilage tn vitro use cells 
cultured within or on a biological or synthetic seafibtd. We have developed a 
novel two-step culture method (^grn^re^m^ chondrocyte method, ARC 
metbod) for the production of cartilaginous tissue in vitro that does sot 
require exogenous matrices [\\ The lust step consists of culturtng 
pben atypical ry stable diondrocyres under condroons optimal for the formation 
of a all-associated, matrix (CM). The second step allows those cells with their 
CM m rapidly form and become integrated into * solid mass of cartilage on a 
porous insert. Cartilage tissue engineered in \Uro using this approach is softer 
man normal cartilage: It Is rieh in proteoglycan (PG), mostly aggrtcan and has 
an immature collagen network. We also have shown mat recombinant human 
osteogenic protem-0 (OP- 1) can stimulate PG and collagen synthesis fay 
human and bovine articular chondrocytes. OP-1 promotes boa the rats of 
formation and the size of the CM by these ceils. The enhancement of matrix 
formation m ihe CM might enable the application of the tissue-engmcered 
tissue to a larger area. For application m humans, the enhancement of the CM 
formation Is preferable, because matrix formation by cells from aged cartilage 
isTrmhed. 

We present here the results of a study' aimed at testing the hypothesis 
that exposure of young adult articular chondrocytes to Of -I promotes me 
. formation of cartilaginous tissue engineered for am plantation using the ARC 
method. 

MATERIALS AND METHODS The ARC Method was then used as follows 
to form earb'lage in vitro. 

Step 1; Assessment of Formation of the CM in Alemate Jkodt Bovine 
articular chondrocytes from the metacarpophalangeal joints of 14*18 month 
old steer were isolated- by sequential enzyme digestion. Chondrocytes were 
cultured in beads of 1,2% low viscosity alginate (Keltonc LV, Keleo) at 4 
million celts/ml using daily changes of medium containing 10% FBS or 10% 
PBS + OP-J (100 eg/ml), 23 ng/ml aseorbate and 10 lUjtoil gentamicla. At 
various time points, beads were dissolved by incubation for 20 minutes m 55 
mM NeCitraie In ISOrnMNad The cells with their CM were recovered by 
mild ecntnfugsiion. The contents of sulfated PG and collagen in the CM were 
measured by the DMMB method after papain digestion and RP-HPLC after 
acid hydrolysis, respectively p]. The content of hyaluronan (HA) was also 
assessed using an ELISA PJ, 

Step 2i ChGfacterbatioh of Cartilage Tissue Formed h\ Vitro Hie cells With 
their CM, recovered after 7 days of culture m alginate, were resuspended in 
complete medium containing 10 % FBS or 10% FBS + OP-1 (100 ng/ml) and 
seeded onto a tissue culture insert (lOmro diameter) with a porous membrane 
(Coster). After varying times In culture, the <fc novo termed tissue was 
separated torn the porous membrane and Ac dry weight of the tissue 
measured, biochemical analyses were performed as described m Step 1. The 
tissues were also examined histologically after staining with totoidine blue. 
For each group, all analyses of tissues were perfvmed on 3 sets of one tissue 
each. Statistical analysts were performed using one-way AKOVA with' 
Fisher's PLSD test as a pest hoc test 
• RESULTS Step 1: Formation of the CM to Annate Bead* On day 7 of 
culture, the CM formed by chondrocytes cultured in the presence of OP-1 was 
more voluminous when observed under the microscope. The structure of the 
cell with Its CM was stll! well preserved after release by citrate buffer. The 
contents of FG, HA and collagen m the OP-1 group were two to three fold 
higher than those in the FBS group (Fig 1A). The PG/coIlagen ratio was 
higher with OP-1 treatment and decreased with time In culture (Fig IB). 
Step 2: Carttkse Tissue Formed Jn Vitro Cultured in the presence of OP-1, 
the individual chondrocytes and their CM progressively became incorporated 



into thick. disMike cartilaginous tissue between * and 14 days (step 2 : set 
the histology In Fig 3). The tissue was easy to handle In contrast, the matrix 
formed in die presence of 10% FBS alone was highly cdhriar, but did not 
form a thick disWikc structure, Histologically, the border of the original CM, 
formed in the alginate beads culture (step I) was bendy recognized m (be de 
note formed tissue (Fig 2). The dry weight of engineered tissue was 
significantly more in the tissue with OP-J (Table). PG, collagen and HA 
contents in those tissues were significantly higher than those hi the tissue 
formed m the presence of 10% FBS alone. PC/collagen ratio was higher than 
that of normal articular cartilage but decreased with time in culture. 
CONCLUSIONS The results show that OP-1 can significantly enhance 
the formation of a voluminous tissue in vitro, the thickness of the tissue 
cultured with OP*] was approximately 4 times that of the tissue culured with 
) 0% FBS alone (Fig 2). The stimulatory effects of OP-1 on matrix formation 
were observed m both srepa of the ARC method As the ability of human adult 
chondrocytes to form a cohesive matrix is limited; the results suggest mat 
human chondrocytes should be stimulated by growth fecton, such as OP-1, 
when the goal is to produce cartilage tissue for transplantation using the ARC 
method. 

BCD 
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Days in Culture 
Figure ]. PG Content and PG/CoQagen Ratio in the CM (Step 1) 




10% FBS 10% FBS + OP-1 

Figure 2: Histology of the Ttfsve-eagineered Tissue 
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Dry Weight . 




351 ±0.26 • 


PG (u^/tissue) 


171 .4 ±9.5 


653.6 ±17A* 


Collagen (ugftissue) 


1203 ±3.8 


304.7*9.1 ♦ 


PC/Collagen (ntf/ug) 


1.43 4 0.11 


2.13*0.04* 


HA (ng/tissuc) 


. 9693 ±34.9 


15653*873' 



(p < 0.01: vs 10%FBS> mean ± SD ) 
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IINTOODUCTION] 

Therapeutic approaches to restore intervertebral disc (TVD) damage m 
degenerative diseases are limited. Gene therapy is one of the most attractive 
tool tor inducing the expression of growth factors. Non-viral gene delivery 
system is an aHemative mat avoids the risk of insertions] mutagenesis of 
retroviruses, immurogenicfry of adenoviruses and acquiring replication 
competence. However direct introduction of genes into the IYD has been 
consider difficult, in part due to the presence m the tissue of an extracellular 
matrix composed of dense collagen frarnewofk and proteoglycan (PG). "We 
have recently reported the potential of a non-viral gene gtm-tnedlated gene 
transfer method tor efficient transtection p) of the TVD using a reporter gene, 

The purpose of this study was (1) to compare the efficiency of 
transaction of different IYD [urrnulus fibrosis (AF) and nucleus pulposus 
(NP)], and articular cartilage (AC) cells using the gene-gun transaction 
system and (2) to Induce by transaction of the human osteogenic protein-1 
(OP-1) gene specific metabolic changes in IYD cells (NP and AF cells) and 
AC cells. 

(MATERIALS AND METHODS) 

Cell ind Tissue Preparation; AF and NP tissues were isolated from TVD 
of talis, and AC from the mrtecflrpopbaryngeal Joints of 14-18 month bovine 
steers- Cells were isolated by sequential digestion with <U% pronase and 
0.02554 collagerrase+0.04% DNAase. The cells were seeded at a density of 
50,000 cclls/weit in a 12 well plate and cultured for 2 days prior to 
tran s ec ti on. Tissues of IYD and AC were also prepared for gene gun 
transection. After the U ans fec ti on, cells and tissues were cultured m 
DMEM/F12 medium comaming 10% FBS with a daily change of medium. 
Reporter Gcae and OP-I- Expression Vector: pCMV-f&^aetosidasc 
(Ci on tech) served as a reporter gene, and transgene expression was assessed 
using the In Situ p-galactosidase staining kit (Sbrtegene). Human OP-1 
expression vector, p\V24, was kindry gifted by Dr John C Lee. 
Gene Transfer: At the time of gene transfer, a pulse of high pressure helium 
gas (125 psi) was released from a helium tank through the Gold-Coat tubing, 
accelerating the DNA-coated gold particles on the Inside of the tubing 
cartridge to penetrate the target cdH. The gene gun was positioned at a 
minimal distance from the petri dish ana tissue, and a single bombardment 
was earned out 

Assessment of Transection Efficiency: After 3 days, the transtection 
efficiency of a Lac reporter gene construct (pCMV-p-gatctosidase) In the 
primary monolayer cultures of normil bovine MP, AF, and AC cells was 
assessed using an In Situ ^Galactosidase Staining Kit 
Measurement of Metabolie Activity of Transacted CtfUi The DMA 
content and the total PG content were measured in the oell layer to assess 
metabolic activity [2]. PG synthesis was also measured using l"S}-sulfote 
labeling, followed by rapid filtration [2] and compared between the OP-1- 
trarufecterd (pW24) and ihc control (vacant vector) groups. Statistical 
analyses were performed by one-way ANOVA with Fisher's PLSD test as a 
post hoc VaL 

1RESULTS) 

The gene transfer of ^lactosldase was performed to probe the 
efficiency of trarafection on the three different cell sources. Analysis of X-gal 
staining demonstrated an efficiency of 10.1% m normal NP cells, 6.2% m AF 
cells and 52% In the AC cells (Figure 1). The DMA content and rate of PG 
synthesis in none of the three cell types actually differed significantly When 
comparing the pCMV-P«gsl transacted and non-treated groups. This 



suggested that the gene gun procedure .does not have a significant adverse 
effect on cell metaboJlsm. 

To study whether gene transection can alter The metabolism of those 
cells, the human OP-1 gene was transfected using a p W24 vector. On day 3 
after t^ansfectSon, there was no significant difference in the UNA content and 
PG content of the cefl layer in any group. On the other hand, in the OP-1 
transacted group, the me of PG synthesis w*s significantly higher in all cell 
types [AC (120%), AF (124tt), and NP 044%) cells (Ffeire 2)]. NP cells 
were more responsive than AC and AF ceils to the transtection of the OP-1 
gene 

12t 1 




AC AF NP 

Figure 1. Efficiency of gene gun-mediated transfbetion in bovine AC, AF and 
NP mono! ay cr cells. 




AC AF NP 

Figure Z Effect of OP*l gene transfer on PG synmesis by bovine AC AF, 
NP cells- (♦ p<0.05 versus control) 

(DISCUSSION) • 

The results of this study revealed, for the first time, that transection of 
the OP-1 gene by the gene gun system to both IYD and AC cells m vitro can 
alter the metabolism of these cells. Both the efficiency study and the 
metabolic study provided evidence that the NP cells might be tie best target 
for the transfecrion. 

Althoogh it remains to be proved that OM production was enhanced 
after gene transfer, this study suggested thai gene therapy with the OP-1 
expression vector can be a useful method for inducing the regeneration of IYD 
and AC tissues. Additional studies are now ongoing to determine if the 
rrarrsfection of the OP-1 gene into the IYD and AC tissues can be achieved 
and If It can influence the metabolism of tissues. 
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OSTEOGENIC PROTEIN-1 (OP-1) IN SYNOVIAL FLUID IS A POTENTIAL 
MARKER IN ARTHRITIS Benjamin S. Frank 1 . Bhavna Kumar 2 . Charis A. 
Merrihew a . Brian Fisher 2 . David C. Rueaer 4 . Joel A. Block 1 and Susan 
Chubinskava ,<2 . 1 Section of Rheumatology, Rush Medical College, Chicago; 
department of Biochemistry, Rush Medical College, Chicago; department of 
Biochemistry, Rush Graduate College, Chicago; and 4 , Stryker Biotech, 
Hopkinton, MA. 

The development of body fluid biomarkers for arthritis is, potentially, of immense 
utility in the treatment of these diseases. The molecular analysis of synovial fluid 
may yield substantially more information than methods routinely used today. The 
purpose of the current study was to investigate whether osteogenic protein-1 (OP- 
1) could be detected in synovial fly id, whether quantitative approaches could be 
adapted for the assessment of OP-1 in synovial fluid, and whether there are 
differences in the levels of OP-1 comparing normal donors, and patients with 
rheumatoid arthritis (RA) and osteoarthritis (OA). OP-1 is a member of the bone 
morphogenetic protein family, and has multiple anabolic effects in many tissues. 
We have previously demonstrated the expression both of OP-1 protein and OP-1 
message in different connective tissues including cartilage, synovium, tendon, 
ligament and meniscus. For the current study, synovial fluid was aspirated from 
subjects with OA and RA as well as from normal joints of human organ donors. 
Specimens from 40 joints were analyzed by Western Blots with anti-pro and anti- 
mature OP-1 antibodies, and the concentration of OP-1 was measured by a 
sandwich ELISA method newly developed in our laboratory (Merrihew et a, 2001),* 
which was tested and optimized for the analysis of synovial fluid- We found pro 
and mature forms of OP-1 simultaneously present in all tested samples. The 
distribution of immunoreactive bands was similar to that described for human 
articular cartilage. By ELISA, clear differences in OP-1 levels were identified 
between OA and RA groups. Notably, the content of OP-1 in synovial fluid from 
organ donors was comparable to that detected in cartilage extracts from the same 
donors. OP-1 concentration was higher in donors with normal knee joints than in 
donors with degenerative changes (p<0.01). Additionally, OP-1 concentration was 
higher in synovial fluid obtained from RA patients than in that from OA patients 
(p<0.04). The results of this study suggest potential for development of synovial 
fluid OP-1 as a diagnostic and prognostic marker. 



* as disclosed herein previously 



I claim: 

1 . A method of diagnosing inflammatory joint disease, said method comprising the step of 
determining the concentration of detectable OP-1 in a joint, wherein said OP-1 concentration is 
an indicia of inflammatory disease. 

2. The method of claim 1 wherein said concentration of detectable OP-1 is measured by using 
ELISA methodology. 

3. A method of monitoring skeletal tissue diseases, said method comprising the step of 
determining the concentration of detectable OP-1 in a skeletal tissue, wherein said OP-1 
concentration is an indicia of skeletal tissue disease. 

4. The use of OP-1 as a body fluid biomarker for diagnosis and prognosis of inflammatory joint 
disease. 

5. The body fluid of claim 4 wherein said fluid is synovial fluid. 

6. A method of monitoring age-related tissue changes, said method comprising the step of 
monitoring the concentration of endogenous OP-1 as a function of time. 

7. The skeletal tissue of claim 3, wherein said tissue is selected from the group consisting of: 
cartilage, ligament, meniscus, tendon, and synovium. 

8. The skeletal tissue of claim 3, wherein said tissue is synovial fluid. 
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rHFMTLUMTNTfiPFNT SA^ WTPH EL1SA 

1. Coat plate with 50ng/well, and OP-1 antibody (Santa Cruz # SC- 9305) in TBS, 

pH 7.5 and incubate at 4°C overnight. 

2. Wash wells 4 times wthTBS/T (0.1% Tween 20 in TBS, P H 7.5). 

3. Dispense 200ul of Blocking solution (5% non fat dry milk, BlORAD f 170-6404 
in TBS/T, pH 7.5) into each well and incubate plate at room temperature (RT) for 
2 hours. 

4. Wash wells 4 tiroes with TBS/T. 

5. Prepare standard mature OP-1 dilutions in TBS/T ranging from lOng/ml to 0.01 
ng/ml. 

6. Add 100 ul of diluted standard, sample (extract) in each well and incubate plate at 
RT fori hour. 

7. Wash plate 4 times with TBS/T. 

8. Add 100 ul/well of diluted 1B12 antibody (1:1000) in TBS/T and incubate plate 
at RT for 1 hour. 

9. Wash plate 4 times with TBS/T. 

10. Add 100 ul/well of diluted (1:10,000) ImmunoPure Goat Anti-mouse IgG (H+L) 
(min x) Peroxidase Conjugated (PIERCE # 31434) in TBS/T and incubate plate at 

RT for 1 hour. 

1 1 . Wash plate 4 times with TBS/T. 

12. Add 100 uVwell of Supersignal ELISAFemto Maximum Sensitivity Substrate 
(PIERCE* 37075) (prepared by mixing equal parts of Supersiganl ELISAFemto 
Luininol/Enhancer solution and Supersignal ELISAFemto Stable peroxide 
solution). 

13. Mix liquid in wells for 1 minute on a shaker. 

14. Read the Relative Light Units (RLU) with a himinometer. 



OP-1 Sandwich ELISA 



Labd white, detachable chenutainesent plates, #1-12 
Record template of samples to be tested 

folates Santa Cruz Antibody 100 ng/weH, 50 uVwell 
Coat plates, !>» ^ ^ sc/5 ^ ^ pR 

Tap plate to cover bottom of wells, check for bubbles 
Cover plate with plate sealer, 4°C ON 

2 L wash buffer 2L TBS, pH 7.5/2.2g Tween 20 
Prepare 5% milk in wash buffer v , ~. 

Ex(96wells): lg milk, 20 ml wash buffer 
Wash plate 3X's with wash buffer, 200ul/well 
Block. 5%milk200ul/well 

Cover plate, RT, 2 hrs 

Prepare OP-1 standard dilutions: 




STOCK A 
lmg/ml OP-1 

500ul 



950ul 
lOOng 



900ul 
lOng 



500ul 
Sng 



500ul 
2.5ng 



750ul 
lng 



500ul 
0.5ng 



500ul 
0.25ng 



8 



750ul 
O.lng 



500ul 
0.05ng 



10 



OP-1 
Tube# 



400ul Wash Buffer 
O.Olng STD CONC 



Wash plate 4X , „ . . _ . 

Add standards or samples; lOOulMen m tophcate 

For blanks (run on each plate used) add lQUui wasn ouu« 

Cover plate, RT, 1 hr 

Ad^sSwich antibody; 1B12, 1:1,000, lOOul/well 

Ex (96 wells): 10ul 1B12, 10 ml washbuffer 
Check for bubbles 
Cover plate, RT,l hr 

15t£!& -tibody. Pierce anti-mouse KRP, 1:UUW 10W£dl 
Add secondary^ ^ ^ M ^.^^ Ab, 10 ml wash buffer 

Cover plate, RT, 1 hr 

Signal ELISA Femto CtaniU Sub^ ^ 1:1, 100.1W 
Ex (96 wells): 5 ml A, 5 ml B 
Wipe pipet tips with paper towel in between rows 
Check for bubbles 
Cover and rotate for 1 min 
Get RLU counts 



PROTOCOL FOR EXTRACTION OF PROTEIN FROM 

CARTILAGE 

> Weigh cartilage tissue samples (0.5 gm), lyophilize overnight 
and weigh Ihe tissue again to get dry weight of tissue. 

> Pulvurize samples in liquid nitrogen. 

> Add 1 protease inhibitor tablet (Roche Diagnostics # 1836153, 
complete mini protease inhibitor tablets) per 10 ml of ice cold 
1M GuHCl buffer (1M GuHCl, lOmM CaCl 2 & 50 mM Tris, 
pH 7.5), Add 3.5 ml buffer per 0.15 gm (dry weight) of tissue. 

> Incubate at 4°C, with rotation for 4 hours. 

> Transfer supernatant to niicrocentrifuge tubes and centrifuge at 
2500 rpm for 10 minutes at 4° C. Collect supernatant and store 
at4°C. 

> Dialyze for 2 days against water (12,000-14,000 MW cut off). 

> Test extracts by OP-1 chemiluminiscent sandwich ELISA. 
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